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METHODS OF TEST FOR BROWN COALS 
AND LIGNITES 

PART I DETERMINATION OF MOISTURE CONTENT BY 
THE DIRECT VOLUMETRIC METHOD 

0. FOREWORD 

0.1 This Indian Standard ( Part I ) was adopted by the Indian Standards 
Institution on 25 March 1969, after the draft finalized by the Solid 
Mineral Fuels Sectional Committee had been approved by the 
Chemical Division Council. 

0.2 The direct volumetric method of the determination of moisture in 
brown coals and lignites is similar to the azeotropic distillation method 
specified in IS : 1350-1959*. The particle size of the sample and the 
weight of the sample taken for determination may differ according to 
the moisture content determined. Though toluene has been specified, 
xylene may be used as entraining reagent. However, the calibration of 
the apparatus shall be carried out with the same reagent and in the 
same condition as that used for the sample. 

0.3 The method is based on the corresponding draft Recommendation 
No. 1282 issued by TC 27 c Solid Mineral Fuels ' of the International 
Organization for Standardization ( ISO ). 

0,4 In reporting the result of an analysis made in accordance with this 
standard, if the final value, observed or calculated, is to be rounded off, 
it shall be done in accordance with IS : 2-1960"j\ 



1. SCOPE 

1.1 This standard ( Part I ) prescribes the direct volumetric method of 
determining the moisture content of brown coals and lignites. It may 
be used for the determination of either total moisture or the moisture 
in the analysis sample. 



♦Methods of test for coal and coke—proximate analysis, total sulphur and 
calorific value. 

t Rules for rounding off numerical values ( revised ). 

3 
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2. PRINCIPLE 

2.1 The brown coal or lignite is heated in a flask under reflux conditions 
with boiling toluene. The moisture is entrained by the toluene vapour 
and carried to a condenser fitted with a graduated receiver. The water 
then separates in the receiver to form a lower layer whilst the excess 
reagent is returned to the distillation flask by means of an overflow. 
The moisture content is calculated from the weight of sample taken and 
the volume of water collected. 

3. SAMPLE 

3.1 The sample, which will be received in sealed air-tight containers, 
should weigh not less than 150 g. The sample for the determination 
of total moisture is crushed to pass a 3-mm square mesh sieve. If 
special mills which prevent loss of moisture are available the sample 
may be crushed directly, otherwise the sample shall be brought into 
approximate moisture equilibrium with the atmosphere before crushing, 
in which case a correction is used to calculate the total moisture 
content (see 8.2). 

3.2 For the determination of moisture in the analysis sample, the 
sample is crushed to pass 0*2 mm sieve and air-dried. 

4. APPARATUS 

4.1 Distillation Flask — of 500 ml minimum capacity. 

4.2 Condenser — having a minimum length of water jacket of 200 mm 
and fitted with an extended lip to direct the distillate into the receiver 
without touching the sides. 

4.3 Receiver — for the condensed water, graduated in tenths of milli- 
litre. An overflow tube connected to the receiver or to the lower 
portion of the condenser permits the return of condensed reagent to 
the distillation flask. The condenser, receiver and flask are fitted 
together by means of ground-glass joints. The condenser may be fitted 
to condense either on upward flowing or downward flowing vapour 
stream. 

Note — It is important that the receiver and condenser should be clean. 
To ensure this, they should be treated with a cleansing reagent, such as a strong 
solution of potassium dichromate in sulphuric acid. 

4.4 Glass Tubing — pieces of glass tubing, 5 mm in diameter and 5 nun 
long, with sharp edges. 

4.5 Spray Tube — a glass tube through which toluene can be supplied 
to wash down the inner surface of the condenser ( this is required only 
when an upward flow condenser is employed ). 
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4.6 Burette — graduated in 0*05 ml divisions. 

5. REAGENT 

5.1 Toluene — conforming to IS : 536-1955* having a boiling point 
of 110°C. 

6. CALIBRATION OF THE APPARATUS 

6.1 Standardize each apparatus by distilling a series of accurately 
known volumes of water, measured from the burette, covering the 
range of moisture contents in the brown coals or lignites likely to be 
encountered. Plot a graph, showing the millilitres of water added 
against the scale reading of the water recovered in the receiver. Use 
the graph to correct the volume of water obtained in each test. 

6.1.1 The calibration should be repeated when there is any change 
of any part of the apparatus. 

7. PROCEDURE 

7.1 Before commencing the determination of moisture in the analysis 
sample, mix the air-dried sample thoroughly for at least one minute, 
preferably by mechanical means! 

7.2 Weigh to the nearest 0*01 g about 25 g of the sample (for the 
analysis sample, and for other samples when the moisture content is 
expected to be below 20 percent, weigh 50 g ) and transfer to the dry 
distillation flask. Add 200 ml of the toluene in such a way that any coal 
adhering to the neck or side of the flask is washed down by the 
reagent. Fill the receiver with the same reagent. Place two or three 
pieces of the glass tubing in the flask to prevent violent ebullition and 
assemble the apparatus. Start the flow of water through the condenser 
and heat the flask uniformly and gently so that its contents begin to 
boil after about 15 minutes. Subsequently, adjust the rate of heating 
to ensure a distillation rate of 2 to 4 drops per second. 

7.3 Continue the distillation until the toluene reflux is clear and no 
further water collects in the graduated receiver. If a condenser is used 
for an upward flowing vapour stream, wash down any drops of water 
adhering to the inner surface of the condenser or to the upper walls of 
the receiver with toluene using the spray tube, and continue the 
distillation for a sufficient time to ensure that any water washed back 
into the distillation flask has been carried over into the receiver. 
Allow the cloudiness of the distillate to clear and read the volume of 
water collected in the receiver. 



•Specification for toluene. 
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8. CALCULATION 

V 

8.1 Moisture content, percent, M = —~ X 100 

where 

V t = corrected volume in ml of water read from the graph 
( assume 1 ml of water has a weight of 1 g ), and 

W = weight in g of. sample taken. 
The result obtained represents either; 

a) the percentage of total moisture in the sample, if the latter has 
not been previously air-dried, or 

b) the percentage of residual moisture if an air-drying procedure 
has been included in the preparation of the sample, or 

c) the percentage of moisture in the analyzed sample. 

The final result should be reported to the nearest O'l percent. The 
entraining reagent used and its degree of saturation ( that is * wet * or 
* dry * ) should be stated. 

8.2 If an air-drying stage has been carried out, the percentage of total 
moisture is calculated as follows: 

If X = the air-drying loss expressed as a percentage of the original 
sample, and 

M = the percentage of residual moisture in the air-dried sample, 
Then total moisture (percent) = X + M 00 f 



